ABSTRACT
INTRODUCTION

18
Although recent advances in the field of assisted reproduction and in vitro fertilization (IVF) have 19 significantly improved pregnancy rates, the maximum achievable pregnancy rate by assisted 20 reproduction is on average only 50% per cycle and cannot be increased further via alteration of 21 embryo culture or embryo transfer conditions (Gardner et al. 2000; Vlaisavljevic et al. 2001;  22 Strowitzki et al. 2006) . Reduced endometrial receptivity is found in an increasing number of 23 unexplained infertilities. In preparation for implantation, the endometrium undergoes 24 decidualization, a process whereby the endometrium differentiates into a morphologically and 25 functionally distinct tissue of pregnancy, termed the decidua. The decidua is characterized by a 26 dense cellular matrix of polygonal cells, which arise via differentiation of fibroblast-like endometrial 27 stromal cells (ESC). In the absence of decidualization pregnancy cannot be maintained (Lim et al. 
28
1997; Stewart and Cullinan 1997) . Thus, an inadequately decidualized endometrium and thereby, 29 reduced receptivity is a major fertility limiting factor (Lessey et al. 1995; Strowitzki et al. 2006 ).
31
The success of decidualization is dependent upon two main criteria. Firstly, decidualization must 32 be precisely timed to the receptive phase of the reproductive cycle, the window of implantation.
33
Secondly, the ESC must be sufficiently decidualized to accommodate the implanting blastocyst. 
41
Emerging evidence indicates that seminal plasma (SP) transferred to the endometrium at mating 42 elicits complex paracrine events in the human, rodents and the pig, including improved pregnancy 43 and implantation rates (Tremellen et al. 2000; Robertson 2005; Robertson 2007 
80
To investigate the effect of SP on human endometrial decidualization, ESC maintained in RPMI-
81
1% ctFBS were treated for 24 hours to investigate immediate early effects or for up to 27 days at 82 three-day intervals to investigate the effects of prolonged exposure with 50 ng/ml P 4 (Sigma- 
5
The media was exchanged completely at 3 day intervals over the course of 27 days culture.
87
Supernatants were stored at -20°C until assayed for PRL and IGFBP1.
89
Replicate experiments (n > 5) were performed independently using ESC derived from different 
108
Quantification of secreted PRL and IGFBP1
110
Cell culture supernatants were collected every third day for up to 27 days. Secreted PRL was 111 measured in the supernatants using a two-site immunofluorometric assay as described previously 112 (Untergasser et al. 2001) . Assay sensitivity was 0.32 ng/ml, and the intra-and interassay co-113 efficients of variation were 3.2% and 3.6%, respectively.
115
Secreted IGFBP1 was measured in cell culture supernatants using a commercially available ELISA 116 development kit (R&D Systems), as per manufacturers' protocol. Assay sensitivity was 0.06 ng/ml 117 and the intra-and inter-assay co-efficients of variation were 6.3% and 8.3%, respectively.
119
Numerical data represent cumulative secreted PRL or IGFBP1 (ng/ml). 146 ng/ml PRL) after 27 days (Fig. 3A) . However, no significant changes in IGFBP1 mRNA or secreted 147 protein levels were observed following P 4 alone treatment over the course of 27 days relative to 148 control ESC (Table 1 and Fig. 3B ).
150
ESC treated with SP alone were morphologically indistinguishable from control treated cells (Fig. 
151
1C). Furthermore, there was no significant effect of SP alone on PRL or IGFBP1 mRNA levels, or
152
PRL secretion after 24 hours or 27 days compared to control (Table 1 , Fig. 2 and Fig. 3A ).
153
However, SP alone induced a slight, but overall non-significant (P = 0.070) increase in secreted
154
IGFBP1 protein levels relative to control ESC (5.5 ng/ml vs. 0.5 ng/ml 27 day IGFBP1 secretion)
155
and a significant (P < 0.01) increase compared to P 4 (0.6 ng/ml IGFBP1) (Fig. 3B ).
157
In contrast, SP & P 4 combined treatment induced extensive phenotypic ESC differentiation (Fig.   158   1D ). Despite a tendency toward PRL and IGFBP1 mRNA up-regulation after 24 hours, levels were 159 not significantly elevated relative to PBS control treated ESC (Table 1, Fig. 2) . Similarly, IGFBP1 160 mRNA levels were not significantly different after 24 hours. However, after 27 days SP & P 4 161 combined treatment PRL and IGFBP1 mRNA levels were up regulated compared to 24 hours 162 combined stimulation (P < 0.01 and P < 0.001, respectively). Moreover, the induction of PRL 163 mRNA after 27 days combined treatment was significantly higher than PBS control treated ESC (P
164
< 0.001), P 4 (P < 0.05), and SP alone (P < 0.01). Similarly, IGFBP1 mRNA levels were significantly 165 induced after 27 days combined treatment compared to control (P < 0.001), P 4 alone (P < 0.01), or
166
SP alone (P < 0.05). Consistent with up-regulation of PRL mRNA levels, PRL secretion was 167 significantly increased upon combined SP & P 4 treatment (27 day secretion: 427 ng/ml) compared
168
to PBS control ESC (4.4 ng/ml; P < 0.001) and significantly greater than the induction with P 4 alone
169
(17 ng/ml; P < 0.01), or SP alone (6.5 ng/ml; P < 0.001) (Fig. 3A) . Furthermore, PRL secretion 170 upon SP & P 4 combined treatment induced a significant increase in PRL secretion earlier (day 12)
171 than compared to P 4 (day 18). Similarly, IGFBP1 secretion increased upon combined SP & P 4
172 treatment relative to PBS control treated ESC (10 ng/ml vs. 0.5 ng/ml; P < 0.01), P 4 alone (0.6 173 ng/ml; P < 0.001) and SP alone stimulated ESC (5.5 ng/ml; P = 0.079) (Fig. 3B ). 
238
In assisted conception decidualization is routinely induced via intra-vaginal P 4 pessaries. P 4 239 absorbed locally is expected to support the luteal phase and thus intensify endometrial 240 decidualization. However, a randomized controlled study of pregnancy rates following IVF 241 indicated no significant difference in pregnancy rates following the administration of P 4 pessaries 242 (Polson et al. 1992) . Consequently, there is an urgent need for improved decidualizing agents in 243 assisted reproduction. In this respect, the capacity of SP to potentiate P 4 -mediated human ESC 244 decidualization is potentially of significant clinical relevance for the field of reproductive medicine.
246
In summary, our model provides a useful conceptual framework linking the events of 
